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Introduction
Acute appendicitis can be a diagnostic challenge in children, particularly in those who present without typical clinical signs. Clinical tests, pathology and diagnostic imaging play a valuable role in stratifying the risk of the condition. Ultrasound is accepted as the first line imaging modality in children, due to the risk from ionising radiation inherent to computed tomography. 1 The value of appendiceal ultrasound to referring clinicians is contingent upon the effect on pre-test probability. Equivocal ultrasound findings can have little influence on the clinical decision-making process at the expense of time, costs, discomfort and often frustration for patients, their families and referrers. While some studies have demonstrated that the appendix can almost invariably be found in children with ultrasound, 2,3 many centres are only able to achieve visualisation rates of around 50% or lower. [4] [5] [6] Improved visualisation can result by providing training in appendix ultrasound techniques to sonographers performing these studies. 7 Cases where the appendix cannot be identified have historically been considered non-diagnostic or equivocal. These cases are made more meaningful with the exclusion, or recognition and evaluation of secondary signs of appendicitis. 8 Secondary signs such as mesenteric inflammation, free fluid and prominent lymph nodes can suggest the presence of an inflamed appendix. 9 The approach to appendicitis ultrasound is changing with Funding: None. Conflict of interest: None.
Sonography 5 157-163 © 2018 Australasian Sonographers Association increased awareness of secondary sonographic signs within both radiology and emergency medicine as well as review of traditional sonographic criteria. Ultrasound has been used to evaluate the appendix for over three decades, and for much of that time, the main criteria have been a lack of compressibility, a diameter greater than 6 mm and appendiceal wall hyperaemia. 10, 11 These criteria have been subject to recent review, particularly diameter which, when considered in a binary fashion, can lead to false positive findings when noninflamed appendices measuring slightly greater than 6 mm are considered abnormal. 4 To better account for this, Trout et al. 12 proposed a three-category approach to diameter: less than 6 mm is normal, 6 to 8 mm is equivocal and greater than 8 mm is positive for appendicitis. Those with equivocal measurements can be further discriminated by the presence or absence of secondary signs, clinical variables or with medical re-evaluation. While linear regression is the most pervasive method of statistical analysis used in similar studies, it does not readily permit identification of important but often subtle and complex relationships between the predictor variables. Decision tree analysis offers better modelling of the relationships between variables and incorporation of these interactions in the predictions. These analyses can provide a simple, graphical model that enables visualisation of variables within a data set that are valuable predictors of a given outcome, in this case, the likelihood of a child having acute appendicitis.
The aim of this study was to evaluate clinical and imaging data in children with suspected appendicitis using decision tree analyses. Traditional sonographic criteria and secondary signs were evaluated, along with clinical information and blood tests typically available, which were then compared with patient outcomes.
Methods

Study design
Data evaluated in this study were pooled from two previous projects, one retrospective 4 and one prospec- 
Data collection
Retrospective data were obtained from radiology reports, images stored on the hospital picture archival and communication system, and electronic medical records. Prospective data were collected at the time of each study on a tailored worksheet. Variables included in this pooled analysis were mesentery appearance; white cell count (WCC); C-reactive protein (CRP); pain location; age; gender; appendix position; free fluid presence; prominent lymph nodes; appendix compressibility; appendicolith identification; and presence of an abscess/phlegmon (Table 1) . Patient outcomes were determined based on histology results if an appendectomy was performed, the operative report if an alternative diagnosis was made in theatre or the patient's discharge summary. Patients Decision tree analysis paediatric appendicitis T. Reddan et al.
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Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics (Version 22, Armonk, NY, USA). Pooled categorical data, listed in Table 1 , were evaluated using descriptive statistics and decision tree analyses including classification and regression tree (CART) and exhaustive chisquare automatic interaction detection (CHAID) analyses. While CART has been used in the analysis of ultrasound in appendicitis before, 13 this is first application of CHAID to our knowledge. A receiver operating characteristic curve, which plots specificity (rate of true negative diagnoses) against sensitivity (rate of true diagnoses of appendicitis), was used to analyse the diagnostic accuracy of various appendix diameter models, WCC and CRP. Statistical significance was considered to be p < 0.05.
Results
Demographics
A total of 687 examinations were included, comprising 360 female (52.4%) and 327 male patients (47.6%), with a mean age of 9 years and 10 months (95% CI 9 years 7 months to 10 years 2 months, SD = 3 years 9 months). Ultrasound diagnosis was positive in 187 of cases (27.2%). The negative appendectomy rate was 12.2% (n = 67). The appendix was identified on ultrasound in 344 (50.1%) cases. The incidence of appendicitis was 23.6% (n = 162).
Diagnostic accuracy
Analysis of pooled data, considering equivocal ultrasound cases to be a negative finding, yielded a sensitivity of 88.3% (95% CI 82.1% to 92.6%), specificity of 91.6% (95% CI 88.8% to 93.8%), positive predictive value of 76.5% (95% CI 69.6% to 82.2%), negative predictive value (NPV) of 96.2% (95% CI 94.0% to 97.6%) and a diagnostic accuracy of 90.8%.
Classification and regression tree
Classification and regression tree analysis revealed that the sonographic appearance of the mesentery was the most discriminatory variable -with appendicitis not present in 94.8% of patients who did not exhibit an echogenic mesentery (Figure 1 ). Patients with echogenic mesentery were then split into those less than 6.5 mm diameter that were mostly normal (75.8%), and those with a diameter greater than 6.5 mm were split again by a cut-off of 9.5 mm. Almost all children with the combination of echogenic mesentery and a diameter greater than 9.5 mm had appendicitis (96.8%). Raised CRP was used to further split those patients with a diameter between 6.5 and 9.5 mm, with CRP less than 47 mg/L predictive of a normal finding in 82% of cases. Overall, the CART model had a sensitivity of 79.0%, specificity of 95.1% and an accuracy of 91.3%.
Chi-square automatic interaction detection
The exhaustive CHAID technique identified the same two most important predictor variables as the CART analysis but segmented the responses slightly differently. The analysis identified appendix diameter as the primary discriminatory variable, with groups of less than 6 mm or not seen, 6-9 mm and greater than 9 mm (Figure 2) . A diameter greater than 9 mm was associated with appendicitis in 96.7% of children, while 26.6% of cases between 6 and 9 mm were negative, and 93.4% of cases less than 6 mm or where the appendix was not identified were negative. To further categorise patients with an appendix diameter less than 6 mm or not seen, the absence of echogenic mesentery was strongly predictive of a negative finding in this sub-group (96.2%). Finally, a terminal branch from this node was able to improve on this negative prediction by determining that 98.1% of patients below a WCC cut-off of 11.5 × 10 9 /L did not have appendicitis. The exhaustive CHAID model had a sensitivity of 78.4%, sensitivity of 94.9% and an accuracy of 91.0%.
Receiver operator characteristic curve
When different binary appendiceal diameter cut-offs (6-9 mm) were examined, receiver operating characteristic curve evaluation revealed that 7 mm performed best in this sample with an area under the curve (AUC) of 0.886 ( Figure 3 ). Using the categorical approach proposed by Trout et al., 12 considering diameters below 6 mm as normal and above 8 mm consistent with appendicitis, and excluding those in between as equivocal, was more accurate than any binary cut-off (AUC = 0.921) ( Table 2) . Independently, blood test results were less reliable than diameter criteria, with WCC performing better (AUC = 0.751, 95% CI 0.705-0.797) than CRP (AUC = 0.700, 95% CI 0.651-0.749) (Figure 4 ).
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Discussion
In this study, the predictive values of sonographic and clinical variables in the diagnosis of acute appendicitis in children were evaluated. The results highlight the important predictive capacity of echogenic mesentery in children with possible appendicitis, with CART analysis showing that 94.8% of patients not exhibiting this feature did not have appendicitis, making it a more significant discriminator than appendix diameter. This corresponds with the Decision tree analysis paediatric appendicitis T. Reddan et al. and incorporation of a variable that does not rely on identification of the appendix is of high clinical importance.
The importance of appendix diameter as a discriminating variable was also identified via novel use of the exhaustive CHAID technique. These results showed that inclusion of three diameter categories provided strong discrimination between children with and without appendicitis and the absence of echogenic mesentery was also an important complementary variable in this context. By applying diameter categories, and accounting for mesenteric appearance, the CHAID model accounted for potential false positive findings in children with appendix diameters between 6 and 9 mm, amongst whom, one in four children did not have appendicitis and may have had false positive findings if a strict 6-mm binary cut-off was applied. While blood test results were not independently useful, analysis revealed that they were helpful in combination with other variables. A WCC of less than 11.5 × 10 9 /L with an appendiceal diameter less than 6 mm (or the appendix not identified), and no evidence of echogenic mesentery was strongly predictive of being negative for appendicitis in the CHAID model. The CART model demonstrated that a high CRP was able to improve discrimination between patients with echogenic mesentery and a diameter between 6.5 and 9.5 mm.
Conclusion
Diagnostic models that integrated secondary sonographic signs performed better in this study, than the application of traditional ultrasound diagnostic criteria of acute appendicitis. Stratifying appendix diameter into three categories (negative, equivocal and positive) with cut-offs at 6 and 8 mm was more accurate than using a binary diameter cut-off. Overall study accuracy was high due to the discriminatory potential of secondary sonographic signs, even though the appendix was identified in only 50% of patients. Decision tree analysis demonstrated an absence of mesenteric inflammation and a normal WCC resulted in a NPV of 98%, which may significantly alter pre-test probability and be of great value to the referring clinician. Less reliance on traditional criteria, particularly a binary diameter cut-off, and awareness of the predictive value of complementary variables would be of benefit when conducting examinations and formulating findings. 
